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    目的：研究调控 AQP-4蛋白对大鼠脑积水发生发展的治疗作用。     








量为：8mg/kg 给药持续 2 周。第 3 周时给所有大鼠施行 MRI 检查，然后处死大
鼠收集脑组织，行脑组织含水量测定、HE染色、RT-PCR、Western Blot 检测。 
    结果： 
1、脑积水组与生理盐水组（假手术组）比较 




   （2）MRI结果提示假手术组大鼠脑室未出现明显扩大积水现象，脑积水组则
见脑室明显扩大积水。 
   （3）RT-PCR结果提示脑积水组 AQP-4 mRNA 表达水平较假手术组降低，差异
有统计学意义（P<0.05），GFAP mRNA 较生理盐水组（假手术组）升高，差异无
具有统计学意义（P>0.05），Pearson 直线相关分析性分析提示 AQP-4 蛋白水平
与脑积水进展呈负相关。 
   （4）HE 染色结果提示脑积水组与生理盐水组相比较，大鼠脑室周围组织结
构紊乱，出现明显的组织肿胀及胶质增生带，伴有部分细胞水肿。 
































（5）Western Blot 检测提示阳性组大鼠的 AQP-4 蛋白表达较阴性组升高，
差异具有统计学意义（P<0.05），Pearson 直线相关分析性分析提示 AQP-4 蛋白
表达水平与脑积水进展呈负相关。 
结论： 
1、AQP-4 蛋白的表达水平与脑积水进展呈负相关作用，上调 AQP-4 蛋白的
表达可能对脑积水的进展起到抑制作用。 

























Objective: To study the effection of regulate AQP-4 protein on hydrocephalus’ 
development in rats  
Methods: Male adult (about 8 weeks to 9 weeks) Sprague-Dawley rats (250±20g), 
were randomly divided into four groups, hydrocephalus group (n=20), the saline 
group (sham group) (n=20) and negative in the intervention group ( intraperitoneal 
injection of progesterone) (n=20), positive intervention group (intraperitoneal 
injection of testosterone) (n=20). Hydrocephalus model method: after the adoption of 
rat brain stereotaxic apparatus fixed intraperitoneal injection of chloral hydrate 
anesthetized rats, microinjection pump to regulate micro-injector to intraventricular 
injection of 30μl rats 3% kaolin suspension , to produce hydrocephalus. 
Intraventricular injection of saline group rats saline, and the rest of hydrocephalus, 
negative in the intervention group, the intervention group were positive with the 
method used to establish the model of hydrocephalus. One week after the model of 
hydrocephalus not any treatment group, the intervention group subjected to negative 
intraperitoneal injection of progesterone, to impose positive intervention group 
intraperitoneal injection of testosterone, once a day, the amount of: 8mg / kg 
administered for 2 weeks. All rats were given three weeks when the purposes of 
section MRI, and then the rats were sacrificed to collect brain tissue, and detecting  
brain water content measured line, HE staining, RT-PCR, Western Blot test. 
The results: 
1, Hydrocephalus group verse the saline group (sham group)  
(1) Determination (determination of wet weight) of brain water content: 
hydrocephalus group brain tissue water content was 77.5% ± 0.67, saline group (sham 
group) in rat brain tissue water content of 82.44% ± 0.69, hydrocephalus group brain 
tissue water content than the saline group (sham group) rat brain tissue water content 
difference was statistically significant (P <0.05).  
(2) MRI results suggest that rat ventricular sham group did not appear significantly 
















the ventricular hydrocephalus. 
(3) RT-PCR results suggest that the hydrocephalus group AQP-4 protein levels lower 
than the sham group, the difference was statistically significant (P <0.05), GFAP 
mRNA compared with the saline group (sham group) increased, the difference was 
not statistically significant (P >0.05), Pearson linear correlation analysis prompted 
AQP-4 protein levels were negatively correlated brain hydrocephalus progress. 
(4) HE staining results suggest that the group of rats with hydrocephalus group 
compared to the rat periventricular tissue structural disorder, significant tissue 
swelling and gliosis band, accompanied by some cells edema. 
(5) The level of AQP-4 protein expression detected by Western Blot tips 
hydrocephalus rats than the saline group (sham group) lower, the difference was 
statistically significant (P <0.05), GFAP protein compared with the saline group (sham 
surgical group) increased, the difference was not statistically significant (P >0.05), 
Pearson linear correlation analysis prompted AQP-4 protein expression level was 
negatively correlated with brain hydrocephalus progress. 
2, Positive intervention group (intraperitoneal injection of testosterone) verse negative 
in the intervention group (intraperitoneal injection of progesterone)  
(1) Determination (determination of wet weight) of brain water content: negative 
group brain tissue water content was 78.5% ± 0.61, positive intervention group brain 
tissue water content of 66.44% ± 0.69, the intervention group were negative brain 
tissue water content than the water content of brain tissue positive difference in the 
intervention group was statistically significant (P <0.05). 
(2) MRI results suggest that positive rat ventricles expand water phenomenon in the 
intervention group compared with negative intervention group decreased, the 
difference was statistically significant. 
(3) RT-PCR results suggest that AQP-4 mRNA-positive group compared with 
negative group increased, GFAP mRNA lower than the negative group, the difference 
was statistically significant (P <0.05), Pearson linear correlation analysis prompted 
AQP-4 protein Advances in brain water levels were negatively correlated. 
















ventricles positive intervention group surrounding tissue structural disorder is more 
obvious, tissue swelling and gliosis band appears more obvious, with some cells 
edema. 
(5) AQP-4 protein expression detected by Western-Blot prompt positive than negative 
group rats increased, the difference was statistically significant (P <0.05), Pearson 
linear correlation analysis prompted AQP-4 protein expression levels and brain 
volume Progress was negatively correlated with water. 
In conclusion: 
 1、The level of the progress of brain AQP-4 protein expression was negatively 
correlated. So the role of regulated expression of AQP-4 protein may be able to slow 
the progress of hydrocephalus. 
 2、Testosterone as a regulated drug which can up-regulate AQP-4 protein expression 
relieve the rat hydrocephalus. So the Testosterone may play a therapeutic role in delay 
the occurrence of hydrocephalus process in the future. 
























摘 要 ................................................... Ⅰ 
前  言 ................................................... 1 
第一章 材料与仪器 ........................................ 3 
1.1 材料 .......................................................... 3 
1.1.1 实验动物 .................................................. 3 
1.1.2 主要试剂和药品 ............................................ 3 
1.2 主要仪器设备 .................................................. 4 
第二章 步骤与方法 ........................................ 6 
2.1 动物模型建立 .................................................. 6 
2.1.1 实验动物分组 .............................................. 6 
2.1.2 脑积水实验动物模型建立和给药干预方法 ...................... 6 
2.2 MRI 检查及脑室体积测量 ........................................ 7 
2.2.1 MRI 检查 .................................................. 7 
2.2.2 脑室体积和 EVAN’s 指数测定................................ 7 
2.2.3 脑积水鉴定和程度判定...................................... 7 
2.3 标本取材 ..................................................... 7 
2.3.1 脑组织取材及测量脑组织含水量.............................. 7 
2.3.2 脑含水量的测定(干湿重法测定).............................. 8 
2.4 RT-PCR技术检测脑组织中 AQP-4和 GFAPmRNA 的表达 ................ 8 
2.4.1 引物设计 .................................................. 8 
2.4.2 总 RNA的提取.............................................. 9 
2.4.3 RNA 浓度和纯度的测定 ..................................... 10 
2.4.4 逆转录................................................... 10 
2.4.5 RT-PCR检测 .............................................. 11 
2.5 HE染色 ...................................................... 13 
















2.5.2 HE 染色 .................................................. 13 
2.6 Western-Blot 技术检测脑组织中 AQP-4和 GFAP mRNA 的表达 ........ 15 
2.6.1 脑组织蛋白的提取......................................... 15 
2.6.2 BCA 法测定蛋白浓度 ....................................... 15 
2.6.3 SDS-PAGE 垂直电泳 ........................................ 16 
2.6.4 转膜..................................................... 17 
2.6.5 抗原-抗体反应............................................ 17 
2.6.6 ECL 显色 ................................................. 18 
2.7 统计学处理 .................................................. 18 
第三章  实验结果 ........................................ 18 
3.1 实验动物一般情况 ............................................ 18 
3.2 MRI 影像学检查 ............................................... 19 
3.2.1 模型一般观察 ............................................. 19 
3.2.2 假手术组与脑积水手术组比较 ............................... 20 
3.2.3 阳性干预组（睾酮组）与阴性干预组（黄体酮组）比较......... 20 
3.3 脑组织含水量测定： .......................................... 21 
3.4 RT-PCR检测 .................................................. 21 
3.4.1 脑积水组与生理盐水组（假手术组）比较..................... 21 
3.4.2阳性干预（睾酮）组与阴性干预（黄体酮）组比较 ............. 22 
3.5 脑组织 HE染色检查 ........................................... 23 
3.6 Western blot 检测 ........................................... 24 
3.6.1 脑积水组与生理盐水（假手术）对照组对比 ................... 24 
3.6.2 阳性干预（睾酮）组与阴性干预（黄体酮）组对比 ............. 25 
第四章 讨论 ............................................. 27 
4.1 关于脑积水病因及目前治疗现状进展 ............................. 27 
4.2 关于脑积水动物模型的研究 ..................................... 27 
4.3 关于 AQP-4 与脑积水的研究 ..................................... 28 
4.3.1 AQP-4对脑脊液循环的调节 ................................. 29 
4.3.2 AQP-4与胶质细胞增生的关系 ............................... 29 
4.3.3  调控 AQP-4药物的选择.................................... 30 
















第五章  结论与展望 ...................................... 32 
5.1 结论 ......................................................... 32 
5.2 展望 ......................................................... 33 
参考文献 ................................................ 34 
致 谢 .................................................. 41 




















Chapter 1 Material and equipment…………………………………3  
1.1 The main Material …………………………………………… ……3 
1.2 The main Equipment …………………………………………… …4 
Chapter 2 Experiment and method…………………………………6 
2.1 The foundation of animal model………………………………… … 6 
2.2 MRI Technology……………………………………………………7 
2.3 samples collection ………………………………… ………………7 
2.4 RT-PCR Technology ………………… …………… ………………8 
2.5 HE dyeing…………………………………………………………13 
2.6 Western-Blot Technology………… …… …… ……………………15 
2.7 Statistical analysis……………………………… …………………18 
Chapter 3 Result………… ……… ………… ………………………18 
3.1 The general situation of experimental animal…………………………18 
















3.3 Determination of water content in brain tissue…………………………21 
3.4 RT-PCR Testing……………………………………………………21 
3.5 HE dyeing in brain tissue……… …… ………… ………… ………23 
3.6 Western blot Testing…………… …… ………… …………………24 
Chapter 4 Disscussion…………………… ………………… ………26 
4.1 The research progress of hydrocephalus……………………… ………27 
4.2 The research progress of animal hydrocephalus model…………………27 
4.3 The research progress of AQP-4 and hydrocephalus……………………28 
Chapter 5 Conclusion and prospect…………………………………33 
Reference………………………………………………………………34 




































































    调控 AQP-4蛋白在脑出血后脑细胞水肿、颅脑损伤、帕金森病中的研究开展
较多，并有一些观点认为降低 AQP-4 表达能降低脑出血后脑细胞水肿【12】【13】，但
是 AQP-4在脑积水的发生发展中起的作用尚不明确，进一步弄清楚 AQP-4 与脑脊
液循环、脑积水的关系，进一步探索能否通过调控 AQP-4蛋白的表达来治疗干预













































理盐水配成 3%的混悬液，超声乳化 15min后备用。 
（4）睾酮制剂（浙江仙琚制药股份有限公司，中国） 
（5）黄体酮注射液（浙江仙琚制药股份有限公司，中国） 





双蒸水中加 1mlDEPC，稀释为 0.1%溶液使用。 
（9）10mg/ml 溴化乙锭（EB）（上海研生生化科技有限公司，中国） 
（10）2%琼脂糖：每 20ml 1*TAE 加入 0.4g 琼脂糖，加热融化，冷却至 60°后
加入 10mg/ml EB 2μl，混匀备用。 
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